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(57) ABSTRACT

A rotary electric switch 1 comprises a base 2 having a rotary
actuator 3 mounted thereon, the base 2 including a pair of
substantially parallel, spaced apart substrate layers 6, 7. Each
layer 6, 7 has a first surface 9, 10 which faces the other
substrate layer 7, 6 and a second surface 11, 12 which faces
away from the other substrate layer 7, 6, the first surface 9, 10
of each layer having an electrically conducting contact 13, 14,
16 provided thereon. At least one of the substrate layers 6, 7
1s deformable towards the other so as to effect an electrical
connection between the contacts 13, 14, 16 on the two layers
6, 7, and the rotary actuator 3 includes a projection 21 which
engages against the second surface 11 of said deformable
substrate layer 6 so as to press it towards the other layer 7 1n
the immediate vicinity of the projection 21. In this way,
rotation of the rotary actuator 3 moves the projection 21
relative to the substrates 6, 7 and hence varies the point of
electrical connection between the contacts 13, 14, 16.
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ROTARY ELECTRICAL SWITCHING
DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a rotary electrical switch,
preferably for use in a rotary encoder.

Electrical switches are well known, but typically suffer
from the disadvantage that they are not adequately sealed
from the outside environment and, 1n particular, do not pro-
vide satisfactory protection against the ingress of water. For
example, known rotary switches generally comprise an actua-
tor that 1s required to come 1nto direct contact with electrical
contacts 1n order affect switching states, but said requirement
for direct contact makes 1t difficult to satistactorily seal the
circuitry of the switch from the environment. Furthermore,
known electrical switches comprise a domed-shaped conduc-
tive contact mounted onto a circuit layer, which, when
depressed, makes contact with a further conductive contact
mounted within 1t, on the same circuit layer. Such switches
are typically overlaid by a sheet or membrane of some kind
such that the actuator does not come into direct contact with
the conductive dome. However, these overlays are generally
not sealing.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a rotary
clectrical switch having a plurality of switch couplings that
are 1n a sealable environment and can be brought into contact
with each other via a rotating actuator that 1s external to the
sealable environment.

According to the present invention there 1s provided a
rotary electric switch comprising a base having a rotary actua-
tor mounted thereon, wherein the base includes a pair of
substantially parallel, spaced apart substrate layers, each said
layer having a first surface which faces the other substrate
layer and a second surface which faces away from the other
substrate layer, the first surface of each layer having an elec-
trically conducting contact provided thereon, at least one of
said substrate layers being deformable towards said other
substrate layer so as to effect an electrical connection between
said contacts on the two layers, and wherein the rotary actua-
tor includes a projection which engages against the second
surface of said deformable layer so as to press the deformable
layer towards the other layer in the immediate vicinity of the
projection, whereby rotation of the rotary actuator moves the
projection relative to the substrates and hence varies the point
of electrical connection between the contacts.

A rotary electric switch in accordance with the invention
has the advantage that the conducting tracks of the switch are
housed 1n a sealable environment such that the actuator 1s
isolated from any electric contact. This not only makes the
switch suitable for use 1n hazardous environments, such as
water-based environments, but also means there 1s no sliding,
contact between the actuator and the conducting contacts,
which effectively reduces wear on the conducting contacts
and increases their lifespan.

Preferably, the first surface of one of said substrate layers 1s
provided with a pair of concentric, radially spaced, generally
arcuate tracks, which are centred on the axis of rotation of the
rotary actuator. The contact on the other layer may then either
clfect a contact between each track 1in order to switch two
separate circuits, or, alternatively, may effect a short between
the two tracks 1n order to switch a single circuait.

In a further development, each of said pair of tracks com-
prises a substantially arcuate portion having a plurality of
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radial tabs extending therefrom, the tabs on each track
extending towards but terminating short of the tabs on the
other track. The projection 1s then positioned so as to press the
deformable substrate towards the other substrate in the region
between the arcuate portions, the electrical connections then
being effected with the tabs.

In a particularly preferred embodiment, the tabs are
arranged so as to provide a range of switching combinations
between the two tracks, 1n particular the full range of logic
outputs possible from two circuits, namely four binary logic
states. To achieve this, the tabs from one track are arranged
such that they partially overlap 1n the circumierential direc-
tion with tabs from the other track in some areas, and are
completely circumierentially offset from each other 1n others.
Thus, 1n use, the projection of the rotary actuator effects a first
state 1n positions where tabs from both concentric track
extend 1nto the region between the arcuate portions of the
tracks, a second state 1n positions where only a tab from the
radially outer concentric track extends 1nto said region, a third
state 1n positions where no tabs extend into said region, and a
fourth state 1n positions where only a tab from the radially
inner concentric track extends into said region. In this way,
the device can advantageously be set up to give pre-set logic
outputs as the actuator 1s rotated.

In a useful development, the tabs can be arranged, size
permitting, to output any multiple of the four binary logic
states switch states within one revolution of the rotary actua-
tor, the switch furthermore being advantageously scalable
form a typical 10-15 mm diameter to a diameter of 1 m or
more. In yet a further development, the conducting contact on
the first surface of the other substrate layer 1s a single plate
contact.

In an alternative embodiment, the first surtace of one of the
substrate layers 1s provided with a generally arcuate track
that, in parts, radially overlaps with a further generally arcu-
ate track provided on the first surface of the other substrate
layer. Furthermore, both arcuate tracks are centred on the axis
of rotation of the rotary actuator and arranged such that, as
said actuator rotates, the engagement of 1ts projection against
the second surface of the deformable substrate layer causes
the overlapping parts of the tracks to come into contact with
cach other and alter the switch state.

In a development of this alternative embodiment, the gen-
erally arcuate tracks comprise a substantially arcuate portion
having a plurality of radial tabs, one track having tabs extend-
ing radially inwards therefrom and the other track having tabs
extending radially outwards therefrom, whereby the tracks
radially overlap via their tabs. In yet a further development,
the generally arcuate tracks can be arranged to overlap each
other such that, as with the prior embodiment, the device
alternates between various switch states as the actuator 1s
rotated.

In an additional alternative embodiment, the first surface of
one of said substrate layers 1s provided with a plurality of
separate contacts that are arranged in a circle, said circle
being centred on the axis of rotation of the actuator member
such that, as the rotary actuator rotates, the engagement of 1ts
projection against the second surface of the deformable sub-
strate layer causes said plurality of contacts to come nto
contact sequentially with the conducting contact on the first
surface of the other substrate layer. In this way, the device can
advantageously be set up to give positional output as the
actuator 1s rotated.

In a useful development, the rotary actuator 1s mounted
around a constraining axis that runs substantially perpendicu-
larly to the base. This helps ensure that the actuator engages
evenly into the second surface of the deformable substrate
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layer. Furthermore, the rotary actuator 1s preferably mounted
to be Ireely and smoothly rotatable, 1n either direction,
through its full range of angular movement. However, detent
means may be associated with the actuator, such as radial
recesses 1n a housing part or axial recesses 1n the base, which
operate to constrain the angular movement of the rotary
actuator such that 1t has a plurality of distinct contact posi-
tions 1nto which 1t moves as 1t 1s rotated.

The projection on the rotary actuator, which engages
against the second surface of the one deformable substrate
layer, may be rigid and integrally formed with the rotary
actuator, but 1s preferably formed as a separate part, 1n par-
ticular comprising a ball that 1s received 1n an axial recess 1n
the actuator and has biasing means, such as a compressive
spring, associated therewith, which urges said ball out of the
recess towards the substrate layers.

In an additional development, the substrate layers of the
base are separated by adhesive, which 1s advantageously posi-
tioned between the outer radial edges of said layers, prefer-
ably joining them 1n a sealing fashion so that the device can be
used 1n hazardous environments such as damp areas. In yet a
turther advantageous development the base has a through-
hole at 1ts centre 1n which an axle of the rotary actuator 1s
mounted, with the inner radial edges of the substrate layers
created by said through-hole preferably also being separated
and joined 1n a sealing fashion with adhesive. In still a further
advantageous development, the adhesive can be printed onto
the substrates layers.

In a further embodiment, the switch 1s double-ended, a pair
of substrate layers being associated with each axial end of the
actuator and separate circuits associated with each end being
switched by engagement of a deformable substrate layer of
cach pair by an axial projection provided on each end of the
actuator. Such a device advantageously enables the switching
of a larger number of circuits as the rotary actuator is rotated.

More than one projection could also be provided on each
end of the actuator, positioned at different radial distances
from the axis of rotation of the actuator, each projection being
associated with a different contact or set of tracks for switch-
Ing a separate circuit or set of circuits.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be well understood, there
will now be described an embodiment thereot, given by way
of example, reference being made to the accompanying draw-
ing, 1n which:

FIG. 1 1s a sectional side view of a rotary electric switch
according to a first embodiment of the invention;

FIG. 2 1s a plan view of the layout of the conducting
contacts of the invention according to FIG. 1 with the con-
ducting plate folded out through 180.degree. so as to show
more clearly the conducting tracks, which would, 1n use, be
facing opposite 1t; and

FIG. 3 1s a plan view of the layout of the conducting
contacts of a further embodiment of the invention with the
conducting plate folded out through 180.degree. so as to show
more clearly the contacts that would, 1n use, be facing oppo-
site 1t.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FI1G. 1, there 1s shown a rotary electric switch
1 comprising a base 2 and a rotary actuator 3, the base 2
having a through-hole 4 at its centre, in which an axle 5 of the
rotary actuator 3 1s mounted, a first substrate layer 6, and a
second substrate layer 7 overlying the first substrate layer 6 so
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as to be parallel thereto. The two layers 6, 7 are furthermore
separated apart by an adhesive 8, which joins the radially
outer and 1mnner edges of the substrate layers 6, 7 in a sealing
tashion. Each of the substrate layers 6, 7 has a first surface 9,
10 which faces the other substrate layer 6, 7 and a second
surface 11, 12 opposite said first surface 9, 10. The first
surface 9 of the first substrate layer 6 has a pair of concentric,
radially spaced, generally arcuate conducting tracks 13, 14
mounted thereon, which are centred on the axis of rotation 15
of the rotary actuator 3, and the first surface 10 of the second
substrate layer 7 has a conducting plate 16 mounted thereon
which overlies the conducting tracks 13, 14. The first sub-
strate layer 6 1s furthermore made of tlexible materal so as to
be deformable towards the second layer 7 1n order to bring the
conducting plate 16 selectively into electrical contact with the
tracks 13, 14 as described hereinafter.

Still referring to FI1G. 1, the rotary actuator 3 comprises a
body 17 that 1s rotatable around the axle 5 that defines the
longitudinal axis of rotation 15, which runs through the centre
of, and perpendicularly to, the base 2. An axial recess 18 1s
formed 1n the end face 19 of the body 17 that 1s directed
towards the base 2, in which recess 18 a compressive spring
20 and a ball 21 are mounted, the compressive spring 20
engaging between the inner end 22 of the recess 18 and the
ball 21 in order to urge the ball 21 out of the recess 18 towards
the base 2, thereby pressing the deformable first substrate
layer 6 towards the second substrate layer 7 in the immediate
vicinity of the ball 21. It will, of course, be understood that the
any compressive spring device may be used, such as a helical
spring, elastomeric material or the like.

To enable an electrical connection to be affected between
the conducting plate 16 and one or other, or even both, of the
conducting tracks 13, 14 depending on the radial position of
the ball 21, said conducting tracks 13, 14 comprise a substan-
tially arcuate portion 25 having a plurality of radial tabs 23, 24
extending therefrom, the tabs 23, 24 on each track 13, 14
extending towards but terminating short of the tabs 23, 24 on
the other track 13, 14. Furthermore, the tabs 23 from one track
13 are arranged such that they partially overlap 1n the circum-
terential direction with tabs 24 from the other track 14 1n
some areas, and are completely circumierentially offset from
cach other in others. Thus, 1n use, the projected ball 21 of the
rotary actuator 3 effects a first state in positions where tabs 23,
24 from both concentric track 13, 14 extend into the region
between the arcuate portions 25 of the tracks 13, 14, a second
state 1n positions where only a tab 23 from the radially outer
concentric track 13 extends 1nto said region, a third state 1n
positions where no tabs 23, 24 extend into said region, and a
fourth state 1n positions where only a tab 24 from the radially
inner concentric track 14 extends into said region. Thus, the
switch 1 1s set up to give a full range of logic outputs from the
two conducting tracks 13, 14, namely four binary logic states,
and, as 1s shown 1n FIG. 2, 1s arranged to give three multiples
ol the four logic states per revolution.

It will be appreciated, however, that many different varia-
tions of this embodiment are possible. For example, the
mounting configuration of the conducting contacts could be
reversed such that the conducting tracks 13, 14 are mounted
on the first surface 10 of the second substrate layer 7 and the
conducting plate 16 1s mounted on the first surface 9 of the
first substrate layer 6, the compressive spring 20 could be
replaced by other suitable biasing means such as a block of
resiliently deformable material, the projection of the rotary
actuator that engages against the second surface of the first
substrate layer could be rigid and integrally formed with the
rotary actuator as opposed to being separately formed and
taking the form of a ball 21 and biasing means, the conducting
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tracks 13, 14 could be arranged to give any multiple of the
four switching states, size permitting, and the conducting
contacts mounted on the first surfaces 9, 10 of the substrate
layers 6, 7 could take any form and be arranged 1n any manner
so as to provide any desired switching output.

Furthermore, 1t will additionally be appreciated that detent
means could be associated with the actuator 3 which con-
strain said actuator 1nto a plurality of set rotation positions. In
particular, the detent means could have radially extending,
resiliently deformable teeth on an outer circumierential edge
which engage 1n complementary shaped serrations formed on
an inner annular surface of the base, the teeth being deform-
able upon rotation of the actuator to enable ratcheted move-
ment of the actuator as the teeth move around the serrations.
Alternatively, however, axially extending teeth could be pro-
vided which engage 1n axially extending serrations arranged
in an annular path on the face of the base.

Referring to FIG. 3, the electric switch can alternatively be
set up to give a positional output. In this embodiment, the
switch 1s 1dentical to the first embodiment except that the first
surface of the first substrate layer 1s provided with a plurality
ol separate contacts 26 mounted thereon. These contacts 26
are arranged 1n a circle, said circle being centred on the axis of
rotation of the rotary actuator such that, as the said actuator
rotates, its engagement into the deformable first substrate
layer causes said plurality of contacts 26 to come into contact
sequentially with the conducting plate 16 on the first surface
ol the second substrate layer.

Furthermore, 1n a development not shown, the rotary elec-
tric switch 1s identical to the first embodiment except that 1t 1s
double-ended, a pair of substrate layers being associated with
cach axial end of the actuator and separate circuits associated
with each end being switched by engagement of a deformable
substrate layer of each pair by a projected ball provided on
cach end of the actuator. In this way, the rotary electric switch
can switch a larger number of circuits as the body 1s rotated.

In yet a further development not shown, more than one
projected ball 1s provided on each end of the actuator, posi-
tioned at different radial distances from the axis of rotation of
the actuator, each projection being associated with a different
contact or set of tracks for switching a separate circuit or set
of circuits.

The mvention claimed 1s:

1. A rotary electric switch comprising a base having a
rotary actuator mounted thereon, the base including a pair of
substantially parallel, spaced apart substrate layers, each said
layer having a first surface which faces the other substrate
layer and a second surface which faces away from the other
substrate layer, the first surface of each layer having an elec-
trically conducting contact provided thereon, spacing means
being provided to maintain the contacts spaced apart and
hence electrically 1solated from each other, and at least one of
said substrate layers being deformable towards said other
substrate layer so as to effect an electrical connection between
said contacts on the two layers, and the rotary actuator includ-
ing a projection which engages against the second surface of
said deformable substrate layer so as to press i1t towards the
other layer 1in the immediate vicimity of the projection,
whereby rotation of the rotary actuator moves the projection
relative to the substrates and hence varies the point of elec-
trical connection between the contacts, first surface of one of
said substrate layers having a pair of contacts 1n the form of
concentric, radially spaced substantially arcuate tracks which
are centered on the axis of rotation of the rotary actuator, each
ol said pair of tracks comprising a substantially arcuate por-
tion having a plurality of radial tabs extending thereirom, the
tabs on each track extending towards but terminating short of
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the tabs on the other track of the pair, the projection of the
rotary actuator being positioned so as to press the deformable
substrate towards the other substrate in the region between the

arcuate portions so that the electrical connections are effected
by the tabs.

2. A rotary electric switch according to claim 1, wherein
upon deformation of the deformable substrate layer the con-
tact on the first surface of the other of said substrate layers
contacts both tracks of the pair of tracks of the one substrate
layer so as to effect a short therebetween.

3. A rotary electric switch according to claim 1, wherein the
first surface of the other of said substrate layers has a pair of
contacts, each of which, upon deformation of the deformable
substrate layer, contacts one of the pair of tracks of the one
substrate layer so as to effect a short between each contact and
its associated track.

4. A rotary electric switch according to claim 1, wherein the
tabs of one track of the pair on the one substrate layer are
arranged such that they partially overlap in the circumieren-
tial direction with tabs from the other track of the same layer
in some areas, but are completely circumierentially offset
from each other in others, whereby the projection of the rotary
actuator effects a first switch state in positions where tabs
from both concentric track extend into the region between the
arcuate portions of the tracks, a second state in positions
where only a tab from the one of the tracks extends into said
region, a third state 1n positions where no tabs extend into said
region, and a fourth state in positions where only a tab from

the other ol the tracks extends into said region so that a pre-set
logic output 1s produced as the actuator 1s rotated.

5. A rotary electric switch according to claim 1, therein the
conducting contact on the first surface of the other substrate
layer 1s a single plate contact.

6. A rotary electric switch according to claim 1, wherein the
contacts on the first and second surfaces are concentric tracks
centered on the axis of rotation of the rotary actuator, which
tracks radially overlap with each other at some points along
their length, whereby as said actuator rotates, the engagement
of its projection against the second surface of the deformable
substrate layer causes the overlapping parts of the tracks to
come into contact with each other and alter the switch state.

7. A rotary electric switch according to claim 6, wherein
cach concentric track comprises a substantially arcuate por-
tion having a plurality of radial tabs, one track having tabs
extending radially inwards therefrom and the other track hav-
ing tabs extending radially outwards theretfrom which overlap
said inwardly extending tracks.

8. A rotary electric switch according to claim 1, wherein the
first surface of one of said substrate layers 1s provided with a
plurality of separate contacts that are arranged 1n a circle, said
circle being centred on the axis of rotation of the actuator
member such that, as the rotary actuator rotates, the engage-
ment ol its projection against the second surface of the
deformable substrate layer causes said plurality of contacts to
come 1nto contact sequentially with the conducting contact on
the first surface of the other substrate layer.

9. A rotary electric switch according to claim 1, wherein
detent means are associated with the actuator which operate
to constrain the angular movement of the rotary actuator such
that 1t has a plurality of distinct contact positions between
which 1t moves as 1t 1s rotated.

10. Therotary electric switch according to claim 9, wherein
the detent means comprises radial recesses in the housing
part.
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11. Therotary electric switch according to claim 9, wherein
the detent means comprises axial recesses 1n the base.

12. A rotary electric switch according to claim 1, wherein
the projection of the rotary actuator comprising a ball that 1s
received 1n an axial recess in the actuator and has biasing
means associated with 1t which urges said ball out of the
recess towards the substrate layers.

13. A rotary electric switch according to claim 1, wherein
the substrate layers of the base fixed together by adhesive
means so as to seal the contacts therein, 1solating them from

8

the surrounding environment, said adhesive means acting as
said spacing means which maintains the contacts normally
spaced apart from each other.

14. A rotary electric switch according to claim 1, wherein
the switch 1s double-ended, a pair of substrate layers being
associated with each axial end of the actuator and separate
circuits associated with each end being switched by engage-
ment of a deformable substrate layer of each pair by an axial
projection provided on each end of the actuator.
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